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碳循环和能量循环具有重要作用。本研究从 2014 年 11 月至 2016 年 10 月，3 次
对西太平洋海区原生生物丰度和生物量的分布规律，以及纤毛虫群落结构对不同
水团的响应进行了调查。主要研究结果如下： 
（1）2014 年 11 月西太平洋浮游纤毛虫主要分布在叶绿素最大层。共鉴定





（2）2015 年 9 月，西太平洋 PNE 和纤毛虫主要分布是在叶绿素最大层以上，
并且深海 1000 米以下有 PNE 和纤毛虫分布，HNF 数量分是随着深度的增加而
减少。摄食西太平洋异养细菌的主要捕食者是粒径在 2-5 μm 之间的 HNF 类群。
纤毛虫粒径在 20-40 μm 之间的为主要微型捕食者，而适合纤毛虫的食物饵料的
粒 径 则 是 低 于 20 μm 为 主 。 纤 毛 虫 优 势 种 共 有 12                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
个，其中表层水指示种 Strombidium epidemum，次表层水指示种是 Strobilidium 
spirale，中层水指示种是 Leegaagdiella sol。我们发现深度、营养盐和食物浓度
会影响西太平洋 PNE和纤毛虫分布。细菌丰度主要是HNF对其的下行控制有关，
而深海 HNF 丰度则是深海细菌对其的上行控制。 
（3）2016 年 10 月西太平洋 HNF 数量比 2015 年相比减少了 3-4 倍左右，而









































Protists are vital components of microbial food web in the ocean, including 
pigmented nanoeukaryotes (PNE), heterotrophic nanoflagellate (HNF) and ciliates. 
HNF are major predators of heterotrophic bacteria and picophytoplankton, while 
ciliate are important consumers of HNF and nanophytoplankton. PNE are great 
contribution to the marine primary production. Therefore, they play significant roles 
in the marine carbon and energy cycle. Horizontal and vertical distribution variation 
in the abundance and biomass of protists and the reponse of ciliate community 
structure to different water masses were investigated during three cruises between 
November 2014 and October 2016 in the Western Pacific Ocean.The main results as 
follows:      
（1）In the November 2014, ciliates were more abundant in the deep chlorophyll a 
maximum (DCM) layer and above in the Western Pacific Ocean. A total of 56 species 
(34 naked ciliates and 22 loricate ciliates) were observed, and the number of dominant 
species was 10. Strombidium epidemum was most dominant. Our results showed that 
the ciliates were significant negative correlation with depth. Light level and ocean 
current may influence the surface ciliates pattern. The food availability and nutrient 
concentration are high in DCM leading to the most ciliate abundance. Ciliates in deep 
sea implied that they had habits of high pressure and lower temperature.  
（2）In September2015, ciliates and PNE were more abundant in the deep chlorophyll 
a maximum (DCM) layer and above in the Western Pacific Ocean. HNF was mainly 
2-5 μm size HNF population, and the 2-5 μm size HNF population decreased with 
depth. The number of dominant species were 12, and the most dominant specie was 
Strombidium epidemum in the surface layer. Strobilidium spirale was an indictor in 
the subsurface water. Leegaagdiella sol was an indictor in the intermediate water. We 
observed that the distribution of PNE and ciliate are influenced by depth and 
concentration of nutrient and food in the Western Pacific Ocean. In the euphotic layer, 
HNF abundance was controlled by bacteria and picophytoplankton (bottom-up), as 
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by bacteria (bottom-up). 
（3）In October 2016, average HNF abundance was approximately 3-4 times lower 
than those in 2015. While the average ciliate abundance was about 1-2 times higher 
than those in 2015. The results showed there was the significant positive correlation 
between HNF abundance and bacteria abundance implying a tighter HNF–bacteria 
coupling in the Western Pacific Ocean. There were different mechanisms of control 
abundance of HNF and bacteria or HNF and ciliate in the euphotic layer and deep sea. 
In the euphotic zone, HNF abundance was controlled by bacteria while ciliate 
controlled by the food availability. In deep sea, HNF was controlled by bacteria and 
ciliate was controlled by predator. Grazing rates of HNF on bacteria were higher than 
those in deep sea indicting temperature and the numbers of predator are key factors to 
grazing rates. In addition, HNF release particle organic matter and dissolved organic 
matter through preying on bacteria, which contribute to nutrient remineralization. 
 































（Microbial loop）（Azam et al., 1983）（如图 1-1）。研究海洋微食物环主要是探
讨异养细菌和浮游植物它们之间的能流去向，而异养微型鞭毛虫（Heterotriph 
nanoflagellate，HNF）和浮游纤毛虫又是异养细菌和微型浮游植物的重要捕食者
（Weisse et al., 2002），同时异养微型鞭毛虫被小型浮游动物（Microzooplankton）
摄食，浮游纤毛虫则是被中型浮游动物（Mesozooplankton）摄食（Polimene et al., 
2016）。原生生物会通过自身的消化液泡来裂解食物，在这一系列的捕食过程中
可能改变有机物质的化学组成，使一部分的活性溶解有机碳向惰性溶解有机碳的




过程被称为“海洋生物泵”（Biological pump）（Eppley et al., 1979;孙军等, 2016）。

















图 1-1 海洋微生物食物网示意图（Worden et al., 2015） 






异鞭毛生物界（Stramenopiles）所构成真核生物类群（Burki et al., 2014）。它们
物种间的跨度比较大、多样性高，并且在全球不同的地理分布上都有它们活动的
踪迹。随着分子技术的不断创新，海洋中的原生生物面貌不断被发现，使得人们




















图 1-2 真核生物系统进化中原生生物占据主要部分（Worden et al., 2015） 
Fig. 1-2 Protists constitute the majority of lineages across the eukaryotic tree of 






大小在 2-20 μm 之间（Massana et al., 2008）。微型鞭毛虫在海洋生态系统中按照







要的类群：例如，金藻（ chrysophytes）、隐藻（ cryptophytes ）、硅鞭藻
（dictyochophytes）、裸藻（euglenophytes）、定鞭金藻（haptophytes）及甲藻
（dinoflagellates）。除了吞食浮游细菌、蓝细菌及微微型真核生物外，有些混养
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